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options would only be used to address uncertainties or the absence of critical data. Default 

options are inferences based on general scientific knowledge of the phenomena in question and 

are also matters of policy concerning the appropriate way to bridge uncertainties that concern 

potential risk to human health. 

These cancer guidelines do not suggest that all of the kinds of data covered here will need 

to be available or used for either assessment or decision making.  The level of detail of an 

assessment is a matter of Agency management discretion regarding applicable decision-making 

needs. The Agency generally presumes that key cancer information (e.g., assessments contained 

in the Agency’s Integrated risk Information System) is “influential information” as defined by the 

EPA Information Quality Guidelines and “highly influential” as defined by OMB’s Information 

Quality Bulletin for Peer Review (OMB 2004). 

1.3. KEY FEATURES OF THE CANCER GUIDELINES 

1.3.1. Critical Analysis of Available Information as the Starting Point for Evaluation 

As an increasing understanding of carcinogenesis is becoming available, these cancer 

guidelines adopt a view of default options that is consistent with EPA's mission to protect human 

health while adhering to the tenets of sound science. Rather than viewing default options as the 

starting point from which departures may be justified by new scientific information, these cancer 

guidelines view a critical analysis of all of the available information that is relevant to assessing 

the carcinogenic risk as the starting point from which a default option may be invoked if needed 

to address uncertainty or the absence of critical information. Preference is given to using 

information that has been peer reviewed, e.g., reported in peer-reviewed scientific journals.  The 

primary goal of EPA actions is protection of human health; accordingly, as an Agency policy, 

risk assessment procedures, including default options that are used in the absence of scientific 

data to the contrary, should be health protective (U.S. EPA, 1999b). 

Use of health protective risk assessment procedures as described in these cancer 

guidelines means that estimates, while uncertain, are more likely to overstate than understate 

hazard and/or risk. NRC (1994) reaffirmed the use of default options as “a reasonable way to 

cope with uncertainty about the choice of appropriate models or theory” (p. 104).  NRC saw the 
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need to treat uncertainty in a predictable way that is “scientifically defensible, consistent with the 

agency's statutory mission, and responsive to the needs of decision-makers” (p. 86).  The extent 

of health protection provided to the public ultimately depends upon what risk managers decide is 

the appropriate course of regulatory action. When risk assessments are performed using only one 

set of procedures, it may be difficult for risk managers to determine how much health 

protectiveness is built into a particular hazard determination or risk characterization.  When there 

are alternative procedures having significant biological support, the Agency encourages 

assessments to be performed using these alternative procedures, if feasible, in order to shed light 

on the uncertainties in the assessment, recognizing that the Agency may decide to give greater 

weight to one set of procedures than another in a specific assessment or management decision. 

Encouraging risk assessors to be receptive to new scientific information, NRC discussed 

the need for departures from default options when a “sufficient showing” is made.  It called on 

EPA to articulate clearly its criteria for a departure so that decisions to depart from default 

options would be “scientifically credible and receive public acceptance” (p. 91). It was 

concerned that ad hoc departures would undercut the scientific credibility of a risk assessment. 

NRC envisioned that principles for choosing and departing from default options would balance 

several objectives, including “protecting the public health, ensuring scientific validity, 

minimizing serious errors in estimating risks, maximizing incentives for research, creating an 

orderly and predictable process, and fostering openness and trustworthiness” (p. 81). 

Appendices N-1 and N-2 of NRC (1994) discussed two competing standards for choosing 

default options articulated by members of the committee.  One suggested approach would 

evaluate a departure in terms of whether “it is scientifically plausible” and whether it “tends to 

protect public health in the face of scientific uncertainty” (p. 601). An alternative approach 

“emphasizes scientific plausibility with regard to the use of alternative models” (p. 631).  

Reaching no consensus on a single approach, NRC recognized that developing criteria for 

departures is an EPA policy matter. 

The basis for invoking a default option depends on the circumstances.  Generally, if a gap 

in basic understanding exists or if agent-specific information is missing, a default option may be 

used. If agent-specific information is present but critical analysis reveals inadequacies, a default 
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option may also be used.  If critical analysis of agent-specific information is consistent with one 

or more biologically based models as well as with the default option, the alternative models and 

the default option are both carried through the assessment and characterized for the risk manager. 

In this case, the default model not only fits the data, but also serves as a benchmark for 

comparison with other analyses.  This case also highlights the importance of extensive 

experimentation to support a conclusion about mode of action, including addressing the issue of 

whether alternative modes of action are also plausible.  Section 2.4 provides a framework for 

critical analysis of mode of action information to address the extent to which the available 

information supports the hypothesized mode of action, whether alternative modes of action are 

also plausible, and whether there is confidence that the same inferences can be extended to 

populations and lifestages that are not represented among the experimental data. 

Generally, cancer risk decisions strive to be “scientifically defensible, consistent with the 

agency’s statutory mission, and responsive to the needs of decision-makers” (NRC, 1994). 

Scientific defensibility would be evaluated through use of EPA's Science Advisory Board, EPA’s 

Office of Pesticide Programs’ Scientific Advisory Panel, or other independent expert peer review 

panels to determine whether a consensus among scientific experts exists.  Consistency with the 

Agency's statutory mission would consider whether the risk assessment overall supports EPA's 

mission to protect human health and safeguard the natural environment.  Responsiveness to the 

needs of decisionmakers would take into account pragmatic considerations such as the nature of 

the decision; the required depth of analysis; the utility, time, and cost of generating new scientific 

data; and the time, personnel, and resources allotted to the risk assessment. 

With a multitude of types of data, analyses, and risk assessments, as well as the diversity 

of needs of decisionmakers, it is neither possible nor desirable to specify step-by-step criteria for 

decisions to invoke a default option. A discussion of major default options appears in the 

Appendix. Screening-level assessments may more readily use default parameters, even worst-

case assumptions, that would not be appropriate in a full-scale assessment.  On the other hand, 

significant risk management decisions will often benefit from a more comprehensive assessment, 

including alternative risk models having significant biological support.  To the extent practicable, 

such assessments should provide central estimates of potential risks in conjunction with lower 
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and upper bounds (e.g., confidence limits) and a clear statement of the uncertainty associated 

with these estimates. 

In the absence of sufficient data or understanding to develop of a robust, biologically 

based model, an appropriate policy choice is to have a single preferred curve-fitting model for 

each type of data set. Many different curve-fitting models have been developed, and those that 

fit the observed data reasonably well may lead to several-fold differences in estimated risk at the 

lower end of the observed range. In addition, goodness-of-fit to the experimental observations is 

not by itself an effective means of discriminating among models that adequately fit the data 

(OSTP, 1985). To provide some measure of consistency across different carcinogen 

assessments, EPA uses a standard curve-fitting procedure for tumor incidence data.  Assessments 

that include a different approach should provide an adequate justification and compare their 

results with those from the standard procedure.  Application of models to data should be 

conducted in an open and transparent manner. 

1.3.2. Mode of Action 

The use of mode of action2 in the assessment of potential carcinogens is a main focus of 

these cancer guidelines. This area of emphasis arose because of the significant scientific 

advances that have developed concerning the causes of cancer induction.  Elucidation of a mode 

of action for a particular cancer response in animals or humans is a data-rich determination. 

Significant information should be developed to ensure that a scientifically justifiable mode of 

action underlies the process leading to cancer at a given site. In the absence of sufficiently, 

scientifically justifiable mode of action information, EPA generally takes public health-

protective, default positions regarding the interpretation of toxicologic and epidemiologic data: 

2 The term “mode of action” is defined as a sequence of key events and processes, starting with interaction 
of an agent with a cell, proceeding through operational and anatomical changes, and resulting in cancer formation.  A 
“key event” is an empirically observable precursor step that is itself a necessary element of the mode of action or is a 
biologically based marker for such an element.  Mode of action is contrasted with “mechanism of action,” which 
implies a more detailed understanding and description of events, often at the molecular level, than is meant by mode 
of action. The toxicokinetic processes that lead to formation or distribution of the active agent to the target tissue are 
considered in estimating dose but are not part of the mode of action as the term is used here.  There are many 
examples of possible modes of carcinogenic action, such as mutagenicity, mitogenesis, inhibition of cell death, 
cytotoxicity with reparative cell proliferation, and immune suppression. 
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animal tumor findings are judged to be relevant to humans, and cancer risks are assumed to 

conform with low dose linearity. 

Understanding of mode of action can be a key to identifying processes that may cause 

chemical exposures to differentially affect a particular population segment or lifestage.  Some 

modes of action are anticipated to be mutagenic and are assessed with a linear approach.  This is 

the mode of action of radiation and several other agents that are known carcinogens.  Other 

modes of action may be modeled with either linear or nonlinear3 approaches after a rigorous 

analysis of available data under the guidance provided in the framework for mode of action 

analysis (see Section 2.4.3). 

1.3.3. Weight of Evidence Narrative 

The cancer guidelines emphasize the importance of weighing all of the evidence in 

reaching conclusions about the human carcinogenic potential of agents.  This is accomplished in 

a single integrative step after assessing all of the individual lines of evidence, which is in contrast 

to the step-wise approach in the 1986 cancer guidelines. Evidence considered includes tumor 

findings, or lack thereof, in humans and laboratory animals; an agent’s chemical and physical 

properties; its structure-activity relationships (SARs) as compared with other carcinogenic 

agents; and studies addressing potential carcinogenic processes and mode(s) of action, either in 

vivo or in vitro. Data from epidemiologic studies are generally preferred for characterizing 

human cancer hazard and risk.  However, all of the information discussed above could provide 

valuable insights into the possible mode(s) of action and likelihood of human cancer hazard and 

risk. The cancer guidelines recognize the growing sophistication of research methods, 

3The term “nonlinear” is used here in a narrower sense than its usual meaning in the field of mathematical 
modeling.  In these cancer guidelines, the term “nonlinear” refers to threshold models (which show no response over 
a range of low doses that include zero) and some nonthreshold models (e.g., a quadractic model, which shows some 
response at all doses above zero). In these cancer guidelines, a nonlinear model is one whose slope is zero at (and 
perhaps above) a dose of zero. A low-dose-linear model is one whose slope is greater than zero at a dose of zero. A 
low-dose-linear model approximates a straight line only at very low doses; at higher doses near the observed data, a 
low-dose-linear model can display curvature. The term “low-dose-linear” is often abbreviated “linear,” although a 
low-dose-linear model is not linear at all doses.  Use of nonlinear approaches does not imply a biological threshold 
dose below which the response is zero. Estimating thresholds can be problematic; for example, a response that is not 
statistically significant can be consistent with a small risk that falls below an experiment’s power of detection. 
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particularly in their ability to reveal the modes of action of carcinogenic agents at cellular and 

subcellular levels as well as toxicokinetic processes. 

Weighing of the evidence includes addressing not only the likelihood of human 

carcinogenic effects of the agent but also the conditions under which such effects may be 

expressed, to the extent that these are revealed in the toxicological and other biologically 

important features of the agent. 

The weight of evidence narrative to characterize hazard summarizes the results of the 

hazard assessment and provides a conclusion with regard to human carcinogenic potential.  The 

narrative explains the kinds of evidence available and how they fit together in drawing 

conclusions, and it points out significant issues/strengths/limitations of the data and conclusions. 

Because the narrative also summarizes the mode of action information, it sets the stage for the 

discussion of the rationale underlying a recommended approach to dose-response assessment. 

In order to provide some measure of clarity and consistency in an otherwise free-form, 

narrative characterization, standard descriptors are used as part of the hazard narrative to express 

the conclusion regarding the weight of evidence for carcinogenic hazard potential. There are five 

recommended standard hazard descriptors: “Carcinogenic to Humans,” “Likely to Be 

Carcinogenic to Humans,” “Suggestive Evidence of Carcinogenic Potential,” “Inadequate 

Information to Assess Carcinogenic Potential,” and “Not Likely to Be Carcinogenic to Humans.” 

Each standard descriptor may be applicable to a wide variety of data sets and weights of evidence 

and is presented only in the context of a weight of evidence narrative. Furthermore, as described 

in Section 2.5 of these cancer guidelines, more than one conclusion may be reached for an agent. 

1.3.4. Dose-response Assessment 

Dose-response assessment evaluates potential risks to humans at particular exposure 

levels. The approach to dose-response assessment for a particular agent is based on the 

conclusion reached as to its potential mode(s) of action for each tumor type.  Because an agent 

may induce multiple tumor types, the dose-response assessment includes an analysis of all tumor 

types, followed by an overall synthesis that includes a characterization of the risk estimates 

across tumor types, the strength of the mode of action information of each tumor type, and the 
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anticipated relevance of each tumor type to humans, including susceptible populations and 

lifestages (e.g., childhood). 

Dose-response assessment for each tumor type is performed in two steps: assessment of 

observed data to derive a point of departure (POD),4 followed by extrapolation to lower 

exposures to the extent that is necessary. Data from epidemiologic studies, of sufficient quality, 

are generally preferred for estimating risks.  When animal studies are the basis of the analysis, 

the estimation of a human-equivalent dose should utilize toxicokinetic data to inform cross-

species dose scaling if appropriate and if adequate data are available. Otherwise, default 

procedures should be applied. For oral dose, based on current science, an appropriate default 

option is to scale daily applied doses experienced for a lifetime in proportion to body weight 

raised to the 3/4 power (U.S. EPA, 1992b). For inhalation dose, based on current science, an 

appropriate default methodology estimates respiratory deposition of particles and gases and 

estimates internal doses of gases with different absorption characteristics.  When toxicokinetic 

modeling (see Section 3.1.2) is used without toxicodynamic modeling (see Section 3.2.2), the 

dose-response assessment develops and supports an approach for addressing toxicodynamic 

equivalence, perhaps by retaining some of the cross-species scaling factor (see Section 3.1.3). 

Guidance is also provided for adjustment of dose from adults to children (see Section 4.3.1). 

Response data on effects of the agent on carcinogenic processes are analyzed (nontumor 

data) in addition to data on tumor incidence.  If appropriate, the analyses of data on tumor 

incidence and on precursor effects may be used in combination.  To the extent the relationship 

between precursor effects and tumor incidence are known, precursor data may be used to 

estimate a dose-response function below the observable tumor data.  Study of the dose-response 

function for effects believed to be part of the carcinogenic process influenced by the agent may 

also assist in evaluating the relationship of exposure and response in the range of observation and 

at exposure levels below the range of observation. 

4 A “point of departure” (POD) marks the beginning of extrapolation to lower doses.  The POD is an 
estimated dose (usually expressed in human-equivalent terms) near the lower end of the observed range, without 
significant extrapolation to lower doses. 
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The first step of dose-response assessment is evaluation within the range of observation. 

Approaches to analysis of the range of observation of epidemiologic studies are determined by 

the type of study and how dose and response are measured in the study.  In the absence of 

adequate human data for dose-response analysis, animal data are generally used.  If there are 

sufficient quantitative data and adequate understanding of the carcinogenic process, a 

biologically based model may be developed to relate dose and response data on an agent-specific 

basis. Otherwise, as a default procedure, a standard model can be used to curve-fit the data. 

The POD for extrapolating the relationship to environmental exposure levels of interest, 

when the latter are outside the range of observed data, is generally the lower 95% confidence 

limit on the lowest dose level that can be supported for modeling by the data.  SAB (1997) 

suggested that, "it may be appropriate to emphasize lower statistical bounds in screening analyses 

and in activities designed to develop an appropriate human exposure value, since such activities 

require accounting for various types of uncertainties and a lower bound on the central estimate is 

a scientifically-based approach accounting for the uncertainty in the true value of the ED10 [or 

central estimate].”  However, the consensus of the SAB (1997) was that, “both point estimates 

and statistical bounds can be useful in different circumstances, and recommended that the 

Agency routinely calculate and present the point estimate of the ED10 [or central estimate] and 

the corresponding upper and lower 95% statistical bounds.” For example, it may be appropriate 

to emphasize the central estimate in activities that involve formal uncertainty analysis that are 

required by OMB Circular A-4 (OMB, 2003) as well as ranking agents as to their carcinogenic 

hazard. Thus, risk assessors should calculate, to the extent practicable, and present the central 

estimate and the corresponding upper and lower statistical bounds (such as confidence limits) to 

inform decisionmakers. 

The second step of dose-response assessment is extrapolation to lower dose levels, if 

needed. This extrapolation is based on extension of a biologically based model if supported by 

substantial data (see Section 3.3.2). Otherwise, default approaches can be applied that are 

consistent with current understanding of mode(s) of action of the agent, including approaches 

that assume linearity or nonlinearity of the dose-response relationship, or both.  A default 

approach for linearity extends a straight line from the POD to zero dose/zero response (see 
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Section 3.3.3). The linear approach is used when: (1) there is an absence of sufficient 

information on modes of action or (2) the mode of action information indicates that the dose-

response curve at low dose is or is expected to be linear. Where alternative approaches have 

significant biological support, and no scientific consensus favors a single approach, an 

assessment may present results using alternative approaches.  A nonlinear approach can be used 

to develop a reference dose or a reference concentration (see Section 3.3.4). 

1.3.5. Susceptible Populations and Lifestages 

An important use of mode of action information is to identify susceptible populations and 

lifestages. It is rare to have epidemiologic studies or animal bioassays conducted in susceptible 

individuals. This information need can be filled by identifying the key events of the mode of 

action and then identifying risk factors, such as differences due to genetic polymorphisms, 

disease, altered organ function, lifestyle, and lifestage, that can augment these key events.  To do 

this, the information about the key precursor events is reviewed to identify particular populations 

or lifestages that can be particularly susceptible to their occurrence (see Section 2.4.3.4). Any 

information suggesting quantitative differences between populations or lifestages is flagged for 

consideration in the dose-response assessment (see Section 3.5 and U.S. EPA 2002b). 

1.3.6. Evaluating Risks from Childhood Exposures 

NRC (1994) recommended that “EPA should assess risks to infants and children 

whenever it appears that their risks might be greater than those of adults.”  Executive Order 

13045 (1997) requires that “each Federal Agency shall make it a high priority to identify and 

assess environmental health and safety risks that may disproportionately affect children, and shall 

ensure that their policies, programs, and standards address disproportionate risks that result from 

environmental health risks or safety risks.”  In assessing risks to children, EPA considers both 

effects manifest during childhood and early-life exposures that can contribute to effects at any 

time later in life. 

These cancer guidelines view childhood as a sequence of lifestages rather than viewing 

children as a subpopulation, the distinction being that a subpopulation refers to a portion of the 
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population, whereas a lifestage is inclusive of the entire population. Exposures that are of 

concern extend from conception through adolescence and also include pre-conception exposures 

of both parents. These cancer guidelines use the term “childhood” in this more inclusive sense. 

Rarely are there studies that directly evaluate risks following early-life exposure. 

Epidemiologic studies of early-life exposure to environmental agents are seldom available. 

Standard animal bioassays generally begin dosing after the animals are several weeks old, when 

many organ systems are mature.  This could lead to an understatement of risk, because an 

accepted concept in the science of carcinogenesis is that young animals are usually more 

susceptible to the carcinogenic activity of a chemical than are mature animals (McConnell, 

1992). 

At this time, there is some evidence of higher cancer risks following early-life exposure. 

For radiation carcinogenesis, data indicate that risks for several forms of cancer are highest 

following childhood exposure (NRC, 1990; Miller, 1995; U.S. EPA, 1999c). These human 

results are supported by the few animal bioassays that include perinatal (prenatal or early 

postnatal) exposure. Perinatal exposure to some agents can induce higher incidences of the 

tumors seen in standard bioassays; some examples include vinyl chloride (Maltoni et al., 1981), 

diethylnitrosamine (Peto et al., 1984), benzidine, DDT, dieldrin, and safrole (Vesselinovitch et 

al., 1979). Moreover, perinatal exposure to some agents, including vinyl chloride (Maltoni et al., 

1981) and saccharin (Cohen, 1995; Whysner and Williams, 1996), can induce different tumors 

that are not seen in standard bioassays. Surveys comparing perinatal carcinogenesis bioassays 

with standard bioassays for a limited number of chemicals (McConnell, 1992; U.S. EPA, 1996b) 

have concluded that 

•	 the same tumor sites are usually observed following either perinatal or adult 

exposure, and 

•	 perinatal exposure in conjunction with adult exposure usually increases the 

incidence of tumors or reduces the latent period before tumors are observed. 
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The risk attributable to early-life exposure often appears modest compared with the risk 

from lifetime exposure, but it can be about 10-fold higher than the risk from an exposure of 

similar duration occurring later in life (Ginsberg, 2003).  Further research is warranted to 

investigate the extent to which these findings apply to specific agents, chemical classes, and 

modes of action or in general. 

These empirical results are consistent with current understanding of the biological 

processes involved in carcinogenesis, which leads to a reasonable expectation that children can 

be more susceptible to many carcinogenic agents (Anderson et al., 2000; Birnbaum and Fenton, 

2003; Ginsberg, 2003; Miller et al., 2002; Scheuplein et al., 2002).  Some aspects potentially 

leading to childhood susceptibility are listed below. 

•	 Differences in the capacity to metabolize and clear chemicals can result in larger or 

smaller internal doses of the active agent(s). 

•	 More frequent cell division during development can result in enhanced expression 

of mutations due to the reduced time available for repair of DNA lesions (Slikker et 

al., 2004). 

•	 Some embryonic cells, such as brain cells, lack key DNA repair enzymes. 

•	 More frequent cell division during development can result in clonal expansion of 

cells with mutations from prior unrepaired DNA damage (Slikker et al., 2004). 

•	 Some components of the immune system are not fully functional during 

development (Holladay and Smialowicz, 2000; Holsapple et al., 2003). 

•	 Hormonal systems operate at different levels during different lifestages. 
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•	 Induction of developmental abnormalities can result in a predisposition to 

carcinogenic effects later in life (Anderson et al., 2000; Birnbaum and Fenton, 

2003; Fenton and Davis, 2002). 

To evaluate risks from early-life exposure, these cancer guidelines emphasize the role of 

toxicokinetic information to estimate levels of the active agent in children and toxicodynamic 

information to identify whether any key events of the mode of action are of increased concern 

early in life.  Developmental toxicity studies can provide information on critical periods of 

exposure for particular targets of toxicity. 

An approach to assessing risks from early-life exposure is presented in Figure 1-1.  In the 

hazard assessment, when there are mode of action data, the assessment considers whether these 

data have special relevance during childhood, considering the various aspects of development 

listed above. Examples of such data include toxicokinetics that predict a sufficiently large 

internal dose in children or a mode of action where a key precursor event is more likely to occur 

during childhood. There is no recommended default to settle the question of whether tumors 

arising through a mode of action are relevant during childhood; and adequate understanding the 

mode of action implies that there are sufficient data (on either the specific agent or the general 

mode of action) to form a confident conclusion about relevance during childhood (see Section 

2.4.3.4). 

In the dose-response assessment, the potential for susceptibility during childhood 

warrants explicit consideration in each assessment.  These cancer guidelines encourage 

developing separate risk estimates for children according to a tiered approach that considers what 

pertinent data are available (see Section 3.5). Childhood may be a susceptible period; moreover, 

exposures during childhood generally are not equivalent to exposures at other times and may be 

treated differently from exposures occurring later in life (see Section 3.5).  In addition, 

adjustment of unit risk estimates may be warranted when used to estimate risks from childhood 

exposure (see Section 4.4). 

At this time, several limitations preclude a full assessment of children's risk.  There are no 

generally used testing protocols to identify potential environmental causes of cancers that are 
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unique to children, including several forms of childhood cancer and cancers that develop from 

parental exposures, and cases where developmental exposure may alter susceptibility to 

carcinogen exposure in the adult (Birnbaum and Fenton, 2003).  Dose-response assessment is 

limited by an inability to observe how developmental exposure can modify incidence and latency 

and an inability to estimate the ultimate tumor response resulting from induced susceptibility to 

later carcinogen exposures. 

To partially address the limitations identified above, EPA developed in conjunction with 

these cancer guidelines, Supplemental Guidance for Assessing Susceptibility from Early-Life 

Exposure to Carcinogens (“Supplemental Guidance”).  The Supplemental Guidance addresses a 

number of issues pertaining to cancer risks associated with early-life exposures generally, but 

provides specific guidance on procedures for adjusting cancer potency estimates only for 

carcinogens acting through a mutagenic mode of action. This Supplemental Guidance 

recommends, for such chemicals when no chemical-specific data exist, a default approach using 

estimates from chronic studies (i.e., cancer slope factors) with appropriate modifications to 

address the potential for differential risk of early-lifestage exposure. 

The Agency considered both the advantages and disadvantages to extending the 

recommended, age dependent adjustment factors for carcinogenic potency to carcinogenic agents 

for which the mode of action remains unknown.  EPA decided to recommend these factors only 

for carcinogens acting through a mutagenic mode of action based on a combination of analysis of 

available data and long-standing science policy positions which govern the Agency’s overall 

approach to carcinogen risk assessment. In general, the Agency prefers to rely on analyses of 

data, rather than general defaults. When data are available for a sensitive lifestage, they would be 

used directly to evaluate risks for that chemical and that lifestage on a case-by-case basis. In the 

case of nonmutagenic carcinogens, when the mode of action is unknown, the data were judged by 

EPA to be too limited and the modes of action too diverse to use this as a category for which a 

general default adjustment factor approach can be applied. In this situation, a linear low-dose 

extrapolation methodology (without further adjustment) is recommended. It is the Agency’s 

long-standing science policy position that use of the linear low-dose extrapolation approach 

1-19




provides adequate public health conservatism in the absence of chemical-specific data indicating 

differential early-life sensitivity or when the mode of action is not mutagenic. 

The Agency expects to produce additional supplemental guidance for other modes of 

action, as data from new research and toxicity testing indicate it is warranted. EPA intends to 

focus its research, and work collaboratively with its federal partners, to improve understanding of 

the implications of early life exposure to carcinogens.  Development of guidance for estrogenic 

agents and chemicals acting through other processes resulting in endocrine disruption and 

subsequent carcinogenesis, for example, might be a reasonable priority in light of the human 

experience with diethylstilbesterol and the existing early life animal studies.  It is worth noting 

that each mode of action for endocrine disruption will probably require separate analysis. 

As the Agency examines additional carcinogenic agents, the age groupings may differ 

from those recommended for assessing cancer risks from early-life exposure to chemicals with a 

mutagenic mode of action.  Puberty and its associated biological changes, for example, involve 

many biological processes that could lead to changes in sensitivity to the effects of some 

carcinogens, depending on their mode of action.  The Agency is interested in identifying 

lifestages that may be particularly sensitive or refractory for carcinogenesis, and believes that the 

mode of action framework described in these cancer guidelines is an appropriate mechanism for 

elucidating these lifestages. For each additional mode of action evaluated, the various age 

groupings determined to be at differential risk may differ from those proposed in the 

Supplemental Guidance.  For example, the age groupings selected for the age-dependent 

adjustments for carcinogens acting through a mutagenic mode of action were initially selected 

based on the available data, i.e., for the laboratory animal age range representative of birth to < 2 

years in humans.  More limited data and information on human biology were used to determine a 

science-informed policy regarding 2 to < 16 years.  Data were not available to refine the latter 

age group. If more data become available regarding carcinogens with a mutagenic mode of 

action, consideration may be given to further refinement of these age groups. 
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1.3.7. Emphasis on Characterization 

The cancer guidelines emphasize the importance of a clear and useful characterization 

narrative that summarizes the analyses of hazard, dose-response, and exposure assessment. 

These characterizations summarize the assessments to explain the extent and weight of evidence, 

major points of interpretation and rationale for their selection, strengths and weaknesses of the 

evidence and the analysis, and discuss alternative conclusions and uncertainties that deserve 

serious consideration (U.S. EPA, 2000b). They serve as starting materials for the overall risk 

characterization process that completes the risk assessment. 
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Figure 1-1 .  Flow cha rt for ea rly -life risk assessment using mode of a ction framework. 

( s) 

(s) ( s) 
(

) 
-

/

No 

(
) ? 

Yes 

j  ( )

No 

Use framework in Ca ncer Guide lines to 
establish MOA

MOA sufficient ly 
supported in animals? 

MOA releva nt to 
humans? 

Flag lifestage  or population that 
co uld be susceptib le b ased on 
infor mation about the specific MOA
fo r dose response ana ly sis. 

Use linear e xtrapo latio n as 
a defau lt. 

Deter mine extrapolation 
based on informat ion 
ab ou t specific MOA. 

Model using MOA or use RfD RfC 
method as default.  Adjustments for 
susceptible lif estages or populations 
are part o f th e p rocess. 

L inearity due to 
mutagenic MOA 

MOA can not 
be deter mined 

Nonlin ear 

Yes 

Yes 

Line ar, b ut 
non mutag enic 

MOA 
Use the same lin ear extrap olation f or 
all lifestages, u nless hav e c hemical­
sp ecific in for mation o n lifestag es o r 
populations. 

Were che mical-sp ecific data available 
in MOA analysis to evaluate d iff erences 
between adults and juveniles more, 
le ss, or t he same susceptibility

Develo p ch emical-specific 
risk estimates incorpor ating 
lifestage susceptibility. 

Early- lif e suscept ib ility assu med.  App ly ag e­
depe ndent ad u st ment factors ADAFs  as 
appr opriate to develop r isk estimates. 

Su pplem ental Gu idanc e for Ear ly-Life Exposur es 

No fur ther ana ly sis of 
tumors. 

1-22




REFERENCES


Allen, BC; Crump, KS; Shipp, AM. (1988) Correlation between carcinogenic potency of 
chemicals in animals and humans. Risk Anal 8:531–544. 

Ames, BN; Gold, LS. (1990) Too many rodent carcinogens: mitogenesis increases mutagenesis. 
Science 249:970–971. 

Anderson, LM; Diwan, BA; Fear, NT; et al. (2000) Critical windows of exposure for children's 
health: cancer in human epidemiological studies and neoplasms in experimental animal models. 
Environ Health Perspect 108(Suppl 3):573-594 

Ashby, J; Tennant, RW. (1991) Definitive relationships among chemical structure, 
carcinogenicity and mutagenicity for 301 chemicals tested by the U.S. NTP. Mutat Res 
257:229–306. 

Ashby, J; Tennant, RW. (1994) Prediction of rodent carcinogenicity for 44 chemicals: results. 
Mutagenesis 9:7–15. 

Ashby, J; Doerrer, NG; Flamm, FG; et al. (1990) A scheme for classifying carcinogens. Regul 
Toxicol Pharmacol 12:270–295. 

Ashby, J; Brady, A; Elcombe, CR; et al. (1994) Mechanistically based human hazard assessment 
of peroxisome proliferator-induced hepatocarcinogenesis. Hum Exper Toxicol 13:1–117. 

Barrett, JC. (1992) Mechanisms of action of known human carcinogens. In: Mechanisms of 
carcinogenesis in risk identification. IARC Sci Pubs No. 116, 115–134. International Agency for 
Research on Cancer, Lyon, France. 

Barrett, JC. (1993) Mechanisms of multistep carcinogenesis and carcinogen risk assessment. 
Environ Health Perspect 100:9-20. 

Barrett, JC; Lee, TC. (1992) Mechanisms of arsenic-induced gene amplification.  In: Kellems, 
RE, ed. Gene amplification in mammalian cells: a comprehensive guide. New York: Marcel 
Dekker. 

Baylin, S; Bestor, TH. (2002) Altered methylation patterns in cancer cell genomes: causes or 
consequence?  Cancer Cell 1:299–305. 

Bellamy, CO; Malcomson, RD; Harrison, DJ; et al. (1995) Cell death in health and disease: the 
biology and regulation of apoptosis. Seminars in Cancer Biology, Apoptosis in Oncogenesis and 
Chemotherapy 6:3–16. 

R-1




Biggs, PJ; Warren, W; Venitt, S; et al. (1993) Does a genotoxic carcinogen contribute to human 
breast cancer? The value of mutational spectra in unraveling the etiology of cancer. Mutagenesis 
8:275–283. 

Birnbaum, LS; Fenton, SE. (2003) Cancer and developmental exposure to endocrine disruptors. 
Environ Health Perspect 111:389-394. 

Birner, G; Albrecht, W; Neumann, HG. (1990) Biomonitoring of aromatic amines. III: 
hemoglobin binding and benzidine and some benzidine congeners. Arch Toxicol 64(2):97–102. 

Blair, A; Burg, J; Foran, J; et al. (1995) Guidelines for application of meta-analysis in 
environmental epidemiology. Regul Toxicol Pharmacol 22:189–197. 

Bois, FY; Krowech, G; Zeise, L. (1995) Modeling human interindividual variability in 
metabolism and risk: the example of 4-aminobiphenyl. Risk Anal 15:205–213. 

Calabrese, EJ. (1986) Age and susceptibility to toxic substances. New York: Winter-Interscience 
Publication, John Wiley and Sons, Inc. 

Callemen, CJ; Ehrenberg, L; Jansson, B; et al. (1978) Monitoring and risk assessment by means 
of alkyl groups in hemoglobin in persons occupationally exposed to ethylene oxide. J Environ 
Pathol Toxicol 2:427–442. 

Caporaso, N; Hayes, RB; Dosemeci, M; et al. (1989) Lung cancer risk, occupational exposure, 
and the debrisoquine metabolic phenotype. Cancer Res 49:3675–3679. 

Cavenee, WK; Koufos, A; Hansen, MF. (1986) Recessive mutant genes predisposing to human 
cancer. Mutat Res 168:3–14. 

CDC (Centers for Disease Control and Prevention). (2004) The health consequences of 
smoking: a report of the surgeon general. Dept. of Health and Human Services, Washington, 
D.C. Available from:  http://www.cdc.gov/tobacco/sgr/sgr_2004/index.htm. 

Chang, CC; Jone, C; Trosko, JE; et al. (1988) Effect of cholesterol epoxides on the inhibition of 
intercellular communication and on mutation induction in Chinese hamster V79 cells.  Mutat Res 
206:471–478. 

Chuang, LS; Ng, HH; Chia, JN; Li, BF. (1996) Characterisation of independent DNA and 
multiple Zn-binding domains at the N terminus of human DNA-(cytosine-5) methyltransferase: 
modulating the property of a DNA-binding domain by contiguous Zn-binding motifs.  J Mol Biol 
257(5):935- 48. 

Chen, C; Farland, W. (1991) Incorporating cell proliferation in quantitative cancer risk 
assessment: approaches, issues, and uncertainties. In: Butterworth, B., Slaga, T., Farland, W., et 

R-2




al., eds. Chemical induced cell proliferation: implications for risk assessment. New York: Wiley-
Liss, pp. 481–499. 

Chhabra, RE; Huff, JE; Schwetz, BS; Selkirk, J. (1990) An overview of prechronic and chronic 
toxicity/carcinogenicity experimental study designs and criteria used by the National Toxicology 
Program.  Environ. Health Perspect. 86:313-321. 

Choy, WN. (1993) A review of the dose-response induction of DNA adducts by aflatoxin B2 and 
its implications to quantitative cancer-risk assessment. Mutat Res 296:181–198. 

Clayson, DB; Mehta, R; Iverson, F. (1994) Oxidative DNA damage—the effects of certain 
genotoxic and operationally non-genotoxic carcinogens. Mutat Res 317:25–42. 

Cohen, SM. (1995) Role of urinary physiology and chemistry in bladder carcinogenesis. Fd 
Chem Toxicol 33:715–30. 

Cohen, SW; Ellwein, LB. (1990) Cell proliferation in carcinogenesis. Science 249:1007–1011. 

Cohen, SM; Ellwein, LB. (1991) Genetic errors, cell proliferation and carcinogenesis. Cancer 
Res 51:6493–6505. 

Cohen, SM; Purtilo, DT; Ellwein, LB. (1991) Pivotal role of increased cell proliferation in 
human carcinogenesis. Mod Pathol 4:371–375. 

Conolly, RB; Andersen, ME. (1991) Biologically based pharmacodynamic models: tools for 
toxicological research and risk assessment. Ann Rev Pharmacol Toxicol 31:503–523. 

Contrera, JF; Matthews, EJ; Benz, RD. (2003) Predicting the carcinogenic potential of 
pharmaceuticals in rodents using molecular structural similarity and E-state indices. Regul. 
Toxicol. Pharmacol. 38:243–259. 

Cresteil, T. (1998) Onset of xenobiotic metabolism in children: toxicological implications.  Food 
Addit Contam 15, Supplement 45–51. 

Dearfield, K. L.; Auletta, A. E.; Cimino, M. C., et al. (1991) Considerations in the U.S. 
Environmental Protection Agency's testing approach for mutagenicity. Mutat. Res. 258:259-283. 

D’Souza, RW; Francis, WR; Bruce, RD; et al. (1987) Physiologically based pharmacokinetic 
model for ethylene chloride and its application in risk assessment. In: Pharmacokinetics in risk 
assessment: drinking water and health. Vol. 8. Washington, DC: National Academy Press. 

Enterline, PE; Henderson, VL; Marsh, GM. (1987) Exposure to arsenic. Amer J Epidemiol 
125:929–938. 

R-3




Evans, JS; Gray, GM; Sielken, RL Jr; Smith, AE; Valdez-Flores, C; Graham, JD. (1994 ) Use of 
probabilistic expert judgment in uncertainty analysis of carcinogenic potency. Regul Toxicol 
Pharmacol. 2:15-36. 

Executive Order 13045 (1997) Protection of children from environmental health risks and safety 
risks, issued April 21, 1997. 

Fearon, E; Vogelstein, B. (1990) A genetic model for colorectal tumorigenesis. Cell 61:959–967. 

Fenton, SE; Davis, CC. (2002) Atrazine exposure in utero increases dimethylbenz a anthracene-
induced mammary tumor incidence in long evans offspring.  Toxicol Sci 66(1-2):185. "The 
Toxicologist, Abstracts of the 41st Annual Meeting of the Society of Toxicology." (Abstract 903) 
Fisher, RA. (1950) Statistical methods for research workers. Edinburgh, Scotland: Oliver and 
Boyd. 

Florig, HK; Morgan, MG; Morgan, KM; Jenni, KE; Fischhoff, B; Fischbeck, PS; DeKay, ML. 
(2001) A deliberative method for ranking risks (I): Overview and test bed development. Risk 
Anal. 21:913-21. 

Flynn, GL. (1990) Physicochemical determinants of skin absorption. In: Gerrity, TR, Henry, CJ, 
eds. Principles of route to route extrapolation for risk assessment. New York: Elsevier Science; 
pp. 93–127. 

Fos, PJ; McLin, CL. (1990) The risk of falling in the elderly: a subjective approach. Med Decis 
Making 10:195-200. 

Garfinkel, L; Silverberg, E. (1991) Lung cancer and smoking trends in the United States over the 
past 25 years. Cancer 41:137–145. 

Gaylor, DW; Zheng, Q. (1996) Risk assessment of nongenotoxic carcinogens based on cell 
proliferation/death rates in rodents. Risk Anal 16(2):221–225. 

Gaylor, DW; Kodell, RL; Chen, JJ; et al. (1994) Point estimates of cancer risk at low doses. Risk 
Anal 14(5):843–850. 

Gibson, DP; Aardema, MJ; Kerckaert, GA; et al. (1995) Detection of aneuploidy-inducing 
carcinogens in the Syrian hamster embryo (SHE) cell transformation assay. Mutat Res 343:7–24. 

Ginsberg, GL. (2003) Assessing cancer risks from short-term exposures in children. Risk Anal 
23(1):19-34. 

Goddard, MJ; Murdoch, DJ; Krewski, D. (1995). Temporal aspects of risk characterization. Inhal 
Toxicol 7:1005–1018. 

R-4




Goldsworthy, TL; Hanigan, MH; Pitot, HC. (1986) Models of hepatocarcinogenesis in the 
rat–contrasts and comparisons. CRC Crit Rev Toxicol 17:61–89. 

Goodman, JI; Counts, JL. (1993) Hypomethylation of DNA: A possible nongenotoxic 
mechanism underlying the role of cell proliferation in carcinogenesis. Environ Health Perspect 
101 Supp. 5:169–172. 

Greenland, S. (1987) Quantitative methods in the review of epidemiologic literature. Epidemiol 
Rev 9:1–29. 

Gulezian, D; Jacobson-Kram, D; McCullough, CB; et al. (2000) Use of transgenic animals for 
carcinogenicity testing: considerations and implications for risk assessment. Toxicol Pathol 
28:482–499. 

Hammand, EC. (1966) Smoking in relation to the death rates of one million men and women. In: 
Haenxzel, W, ed. Epidemiological approaches to the study of cancer and other chronic diseases. 
National Cancer Institute Monograph No. 19. Washington, DC. 

Hanahan, D; Weinberg, RA. (2000) The hallmarks of cancer. Cell 100:57–70. 

Harris, CC; Hollstein, M. (1993) Clinical implications of the p53 tumor suppressor gene. N Engl 
J Med 329:1318–1327. 

Haseman, JK. (1983) Issues: a reexamination of false-positive rates for carcinogenesis studies. 
Fundam Appl Toxicol 3:334–339. 

Haseman, JK. (1984) Statistical issues in the design, analysis and interpretation of animal 
carcinogenicity studies. Environ Health Perspect 58:385–392. 

Haseman, JK. (1985) Issues in carcinogenicity testing: dose selection. Fundam Appl Toxicol 
5:66–78. 

Haseman, JK. (1990) Use of statistical decision rules for evaluating laboratory animal 
carcinogenicity studies. Fundam Appl Toxicol 14:637–648. 

Haseman, JK. (1995) Data analysis: Statistical analysis and use of historical control data. Regul 
Toxicol Pharmacol 21:52–59. 

Hatch, EE; Palmer, JR; Titus-Ernstoff, L; Noller, KL et al.  (1998) Cancer risk in women 
exposed to diethylstilbestrol in utero. JAMA 280:630-634. 

Hattis, D. (1990) Pharmacokinetic principles for dose-rate extrapolation of carcinogenic risk 
from genetically active agents. Risk Anal 10:303–316. 

R-5




Hawkins, NC; Evans, JS. (1989) Subjective estimation of toluene exposures: a calibration study 
of industrial hygienists, Applied Industrial Hygiene, 4:61-68. 

Hawkins, NC; Graham, JD. (1988 ) Expert scientific judgment and cancer risk assessment: a 
pilot study of pharmacokinetic data, Risk Anal. 8:615-25. 

Hayward, JJ; Shane, BS; Tindall, KR; et al. (1995) Differential in vivo mutagenicity of the 
carcinogen-noncarcinogen pair 2,4- and 2,6-diaminotoluene. Carcinogenesis 10:2429–2433. 

Heddle, JA; Swiger, RR. (1996) Risk estimation from somatic mutation assays.  Mutat Res 
365(1-3):107-17. 

Herbst, AL, Ulfelder, H, Poskanzer, DC. (1971) Adenocarcinoma of the vagina: association of 
maternal stilbestrol therapy with tumor appearance in young women. N Engl J Med 284:878-881. 

Hill, AB. (1965) The environment and disease: association or causation? Proc R Soc Med 
58:295–300. 

Hoel, DG; Kaplan, NL; Anderson, MW. (1983) Implication of nonlinear kinetics on risk 
estimation in carcinogenesis. Science 219:1032–1037. 

Holliday, R. (1987) DNA methylation and epigenetic defects in carcinogenesis.  Mutat Res 
181:215–217. 

Holladay SD, Smialowicz RJ. 2000. Development of the murine and human immune system: 
differential effects of immunotoxicants depend on time of exposure. Environ Health Perspect 108 
Suppl 3:463-473. 

Holsapple MP, West LJ, Landreth KS. 2003. Species comparison of anatomical and functional 
immune system development. Birth Defects Res B Dev Reprod Toxicol 68(4):321-334. 

Huff, JE. (1993) Chemicals and cancer in humans: first evidence in experimental animals. 
Environ Health Perspect 100:201-210. 

Huff, JE. (1994) Chemicals causally associated with cancers in humans and laboratory animals. 
A perfect concordance. In: Carcinogenesis. Waalkes, MP, Ward, JM, eds., New York: Raven 
Press; pp. 25-37. 

Huff J, Cirvello J, Haseman J, Bucher J (1991) Chemicals associated with site-specific neoplasia 
in 1394 long-term carcinogenesis experiments in laboratory rodents. Environ Health Perspect 
93:247-70. Erratum in: Environ Health Perspect 1991 Nov;95:213. 

Hulka, BS; Margolin, BH. (1992) Methodological issues in epidemiologic studies using 
biological markers. Am J Epidemiol 135:122–129. 

R-6




IARC (International Agency for Research on Cancer). (1994) IARC monographs on the 
evaluation of carcinogenic risks to humans. Vol. 60. Some industrial chemicals. Lyon, France: 
IARC; pp. 13-33. 

IARC. (International Agency for Research on Cancer) (1999) The use of short- and medium-term 
tests for carcinogens and data on genetic effects in carcinogenic hazard evaluation. Lyon, France. 

IEc (Industrial Economics, Incorporated).  2004. “An Expert Judgment Study of the 
Concentration-Response Relationship Between PM2.5 Exposure and Mortality,” Available at: 
www.epa.gov/ttn/ecas/benefits.html. 

ILSI (International Life Sciences Institute). (1992) Similarities and differences between children 
and adults; implications for risk assessment. Washington, DC: ILSI Press. 

ILSI (International Life Sciences Institute). (1997) Principles for the selection of doses in 
chronic rodent bioassays. Foran, JA, ed. Washington, DC: ILSI Press. 

ILSI (International Life Sciences Institute). (2001) Proceedings of workshop on the evaluation of 
alternative methods for carcinogenesis testing. Toxicol Pathol 29:1–351. 

IPCS (International Programme on Chemical Safety). (1999) IPCS workshop on developing a 
conceptual framework for cancer risk assessment, February 16-18, 1999, Lyon, France. 
IPCS/99.6. World Health Organization, Geneva. 

Ito, N; Shirai, T; Hasegawa, R. (1992) Medium-term bioassays for carcinogens. In: Vainio, H, 
Magee, PN, McGregor, DB, et al., eds. Mechanisms of carcinogenesis in risk identifications. 
International Agency for Research on Cancer, Lyon, France; pp. 353–388. 

Jelovsek ,FR; Mattison, DR; Young, JF. (1990) Eliciting principles of hazard identification from 
experts. Teratology 42:521-533. 

Jones, PA. (1986) DNA methylation and cancer. Cancer Res 46:461–466. 

Kehrer, JP. (1993) Free radicals as mediators of tissue injury and disease. Crit Rev Toxicol 
23:21–48. 

Kelsey, JL; Whittemore, AS; Evans, AS; Thompson, WD. (1996) Methods in observational 
epidemiology. New York: Oxford University Press. 

Kimbell, JS; Subramaniam, RP; Gross, EA; Schlosser, PM; Morgan, KT. (2001) Dosimetry 
modeling of inhaled formaldehyde: comparisons of local flux predictions in the rat, monkey and 
human nasal passages. Toxicol Sci 64(1):100-110. 

R-7




Kinzler, KW; Vogelstein, B. (2002) Colorectal tumors. In: Vogelstein, B; Kinzler, KW, eds. The 
genetic basis of human cancer. New York: McGraw-Hill. 

Kinzler, KW; Nilbert, MC; Su, L-K; et al. (1991) Identification of FAP locus genes from 
chromosome 5q21. Science 253:661–665. 

Kraus, AL; Munro, IC; Orr, JC; et al. (1995) Benzoyl peroxide: an integrated human safety 
assessment for carcinogenicity. Regul Toxicol Pharmacol 21:87–107. 

Krewski, D; Van Ryzin, J. (1981) Dose response models for quantal response toxicity data. In: 
Csorgo; Dawson; Rao; et al., eds. Statistics and related topics. Amsterdam: North-Holland, pp. 
201–231. 

Krewski, D; Murdoch, DJ; Withey, JR. (1987) The application of pharmacokinetic data in 
carcinogenic risk assessment. In: Pharmacokinetics in risk assessment: drinking water and health. 
Vol. 8. Washington, DC: National Academy Press; pp. 441–468. 

La, DK; Swenberg, JA. (1996) DNA adducts: biological markers of exposure and potential 
applications to risk assessment.  Mutat Res 365(1-3):129- 46. 

Levine, AJ; Perry, ME; Chang, A; et al. (1994) The 1993 Walter Hubert lecture: the role of the 
p53 tumor-suppressor gene in tumorigenesis. Br J Cancer 69:409–416. 

Lijinsky, W. (1993) Species differences in carcinogenesis. In Vivo 7:65-72. 

Lilienfeld, AM; Lilienfeld, D. (1979) Foundations of epidemiology, 2nd ed. New York: Oxford 
University Press. 

Littlefield, NA; Farmer, JH; Gaylor, DW. (1980) ED01 study. J Environ Pathol Toxicol 3:17. 

Maltoni, C; Lefemine, G; Ciliberti, A; et al. (1981) Carcinogenicity bioassay of vinyl chloride 
monomer: a model of risk assessment on an experimental basis. Environ Health Perspect 
41:3–29. 

Maronpot, RR; Shimkin, MB; Witschi, HP; et al. (1986) Strain A mouse pulmonary tumor test 
results for chemicals previously tested in National Cancer Institute carcinogenicity test. J Natl 
Cancer Inst 76:1101–1112. 

Marsman, DS; Popp, JA. (1994) Biological potential of basophilic hepatocellular foci and 
hepatic adenoma induced by the peroxisome proliferator, Wy-14,643. Carcinogenesis 
15:111–117. 

Mausner, JS; Kramer, S. (1985) Epidemiology, 2nd ed. Philadelphia: W.B. Saunders. 

R-8 



McConnell, EE. (1992) Comparative response in carcinogenesis bioassay as a function of age at 
first exposure. In: Guzelian, P; Henry, CJ; Olin, SS, eds. Similarities and difference between 
children and adults: implications for risk assessment. Washington, DC: ILSI Press; pp. 66-78. 

McConnell, EE; Solleveld, HA; Swenberg, JA; et al. (1986) Guidelines for combining neoplasms 
for evaluation of rodent carcinogenesis studies. J Natl Cancer Inst 76:283–289. 

Meek, ME; Bucher, JR; Chohen, SM; Dellarco, V; Hill, RN; Lehman-McKeeman, LD; 
Longfellow, DG; Pastoor, T; Seed, J.; and Patton, DE. (2003) A framework for humand 
relevance analysis of information on carcinogenic modes of action.  Crit Rev Toxicol 33:591-
653. 

Melnick, RL, Huff, JE, Barrett, JC, Maronpot, RR, Lucier, G, Portier, CJ. (1993) Cell 
proliferation and chemical carcinogenesis: A symposium overview. Mol Carcinog 7:135-138. 

Miller, RW. (1995) Special susceptibility of the child to certain radiation-induced cancers. 
Environ Health Perspect 103(suppl 6):41–44. 

Miller, MD; Marty, MA; Arcus, A; et al. (2002) Differences between children and adults: 
implications for risk assessment at California EPA.  Int J Toxicol 21:403-418. 

Monro, A. (1992) What is an appropriate measure of exposure when testing drugs for 
carcinogenicity in rodents? Toxicol Appl Pharmacol 112:171-181. 

Moolgavkar, SH. (1986) Carcinogenesis Modelin: From Molecular Biology to Epidemiology. 
Am Rev Public Health 7:151-169. 

Moolgavkar, SH; Knudson, AG. (1981) Mutation and cancer: a model for human carcinogenesis. 
J Natl Cancer Inst 66:1037–1052. 

Morgan, KM; DeKay, ML; Fischbeck, PS; Morgan, MG; Fischhoff, B; Florig, HK. (2001) A 
deliberative method for ranking risks (II): Evaluation of validity and agreement among risk 
managers. Risk Anal. 21:923-37. 

Morrison, V; Ashby, J. (1994) A preliminary evaluation of the performance of the mutaTM mouse 
(lacZ) and Big BlueTM (lacI) transgenic mouse mutation assays. Mutagenesis 9:367–375. 

Murdoch, DJ; Krewski, D; Wargo, J. (1992) Cancer risk assessment with intermittent exposure. 
Risk Anal 12(4):569–577. 

Murrell, JA; Portier, CJ; Morris, RW. (1998) Characterizing dose-response I: critical assessment 
of the benchmark dose concept. Risk Anal 18(1):13–25. 

R-9




NRC (National Research Council). (1983) Risk assessment in the federal government: managing 
the process. Committee on the Institutional Means for Assessment of Risks to Public Health, 
Commission on Life Sciences, NRC. Washington, DC: National Academy Press. 

NRC (National Research Council). (1990) Health effects of exposure to low levels of ionizing 
radiation (BEIR V). Washington, DC: National Academy Press. 

NRC (National Research Council). (1993a) Issues in risk assessment. Committee on Risk 
Assessment Methodology. Washington, DC: National Academy Press. 

NRC (National Research Council). (1993b) Pesticides in the diets of infants and children. 
Washington, DC: National Academy Press. 

NRC (National Research Council). (1994) Science and judgment in risk assessment. Washington, 
DC: National Academy Press. 

NRC (National Research Council). (1996) Understanding risk: informing decisions in a 
democratic society. Washington, DC: National Academy Press. 

NRC (National Research Council). (2002) Estimating the public health benefits of proposed air 
pollution regulations. Washington, DC: National Academy Press. 

NTP (National Toxicology Program). (1984) Report of the ad hoc panel on chemical 
carcinogenesis testing and evaluation of the National Toxicology Program, Board of Scientific 
Counselors. Washington, DC: U.S. Government Printing Office. 1984-421-132:4726. 

Nichols, AL; Zeckhauser,RJ. (1986). The dangers of caution: Conservatism in the assessment 
and the mismanagement of risk. In:  Smith, VK, ed., Advances in Applied Micro-Economics: 
Risk, Uncertainty, and the Valuation of Benefits and Costs, Vol. 4, Greenwich, Conn.: JAI Press, 
pp. 55-82. 

North, DW ; Merkhofer, MW. (1976). A methodology for analyzing emission control strategies. 
Comput Oper Res 3:187-207. 

OECD (Organization for Economic Cooperation and Development). (1981) Guidelines for 
testing of chemicals. Carcinogenicity studies. No. 451. Paris, France. 

OMB (Office of Management and Budget). (2002) Guidelines for ensuring and maximizing the 
quality, objectivity, utility, and integrity of information disseminated by federal agencies. Federal 
Register 67(36):8451-8460. Available from: 
http://www.epa.gov/oei/qualityguidelines/fr22fe02-117.htm. 

OMB (Office of Management and Budget).  (2003) Circular A-4: Regulatory Analysis. 
September 17.  Available from:  http://www.whitehouse.gov/omb/circulars/a004/a-4.pdf 

R-10




OMB (Office of Management and Budget).  (2004) Revised information quality bulletin for peer 
review. April 15. Available from: 
http://www.whitehouse.gov/omb/inforeg/peer_review041404.pdf. 

OSTP (Office of Science and Technology Policy). (1985) Chemical carcinogens: review of the 
science and its associated principles. Federal Register 50:10372-10442. 

Peltomäki, P; Aaltonen, LA; Sisonen, P; et al. (1993) Genetic mapping of a locus predisposing 
human colorectal cancer. Science 260:810–812. 

Peto, J. (1992) Meta-analysis of epidemiological studies of carcinogenesis. In: Mechanisms of 
carcinogenesis in risk assessment. IARC Sci. Pubs. No. 116, Lyon, France; pp. 571–577. 

Peto, J; Darby, S. (1994) Radon risk reassessed. Nature 368:97–98. 

Peto, R; Gray, R; Brantom, P; et al. (1984) Nitrosamine carcinogenesis in 5120 rodents: chronic 
administration of sixteen different concentrations of NDEA, NDMA, NPYR and NPIP in the 
water of 4440 inbred rats, with parallel studies on NDEA alone of the effect of age of starting 
(3,6, or 20 weeks) and of species (rats, mice or hamsters).  IARC Sci Publ 57:627–665. 

Pinkerton, KE; Joad, J. (2000) The mammalian respiratory system and critical windows of 
exposure for children’s health. Environ Health Perspect 108(suppl):457–462. 

Portier, C. (1987) Statistical properties of a two-stage model of carcinogenesis. Environ Health 
Perspect 76:125–131. 

Putzrath, RM; Ginevan, ME (1991) Meta-analysis: Methods for combining data to improve 
quantitative risk assessment.  Regul Toxicol Pharmacol 14:178-188 

Rall, DP. (1991) Carcinogens and human health: part 2. Science 251:10–11. 

Renn, O. (1999) Model for an analytic-deliberative process in risk management. 
Environ Sci Technol 33:3049-3055. 

Renwick, AG. (1998) Toxicokinetics in infants and children in relation to the ADI and TDI. 
Food Addit Contam 15, Suppl 17–35. 

Rice, JM. (1979) Problems and perspective in perinatal carcinogenesis: a summary of the 
conference. NCI Monogr 51:271-278. 

Richard, AM. (1998a) Structure-based methods for predicting mutagenicity and carcinogenicity: 
are we there yet? Mutat Res 400:493-507. 

R-11




Richard, AM, (1998b) Commercial toxicology prediction systems: A regulatory perspective. 
Toxicol. Lett. 102-103:611-616. 

Richard, AM; Williams, CR.  (2002) Distributed structure-searchable toxicity (DSSTox) public 
database network: a proposal: Mutat. Res. 499:27-52. 

Richmond, HM. (1981). A framework for assessment of health risks associated with national 
ambient air quality standards.  Environ Prof 3:225-234. 

Rothman, KJ; Greenland, S. (1998) Modern Epidemiology.  Philadelphia: Lippincott Williams 
and Wilkins Publishers. 

Rouse, J; Jackson, SP. (2002) Interfaces between the detection, signaling, and repair of DNA 
damage. Science 297:547–551. 

Samet, JM; Schnatter, R; Gibb, H. (1998) Invited Commentary: Epidemiology and risk 
assessment.  Am J Epidemiol 148:929-936. 

Scheuplein, R; Charnley, G; Dourson, M. (2002) Differential sensitivity of children and adults to 
chemical toxicity. I: biological basis.  Regul Toxicol Pharmacol 35:429-447. 

SAB (Science Advisory Board). (1997) An SAB report: guidelines for cancer risk assessment. 
Washington DC: U.S. Environmental Protection Agency, September. EPA-SAB-EHC-97-010. 
Available from:  http://www.epa.gov/sab/pdf/ehc9710.pdf. 

Shelby, MD; Zeiger, E. (1990) Activity of human carcinogens in the Salmonella and rodent 
bone-marrow cytogenetics tests. Mutat Res 234:257–261. 

Silberstein, GB. (2001) Tumour-stromal interactions: role of the stroma in mammary 
development.  Breast Cancer Res 3:218-223. 

Slikker W, 3rd, Mei N, Chen T. 2004. N-ethyl-N-nitrosourea (ENU) increased brain mutations in 
prenatal and neonatal mice but not in the adults. Toxicol Sci 81(1):112-120. Sisk, SC; Pluta, LJ; 
Bond, JA; et al. (1994) Molecular analysis of lacI mutants from bone marrow of B6C3F1 
transgenic mice following inhalation exposure to 1,3-butadiene. Carcinogenesis 15(3):471–477. 

Snedecor, GW; Cochran, WG. (1967) Statistical methods, 6th ed. Ames, Iowa: Iowa State 
University Press. 

Sonich-Mullin, C; Fielder, R; Wiltse, J; Baetcke, K; Dempsey. K; Fenner-Crisp, P; Grant, D; 
Hartley, M; Knaap, A; Kroese, D; Mangelsdorf, I; Meek, E; Rice, JM; and Yones, M. (2001) 
IPCS conceptual framework for evaluating a mode of action for chemical carcinogenesis.  Regul 
Toxicol Phamacol 34:146-152. 

R-12




Spalding, JW; French, JE; Stasiewicz, S; Furedi-Machacek, M; Conner, F; Tice, RR; Tennant, 
RW. (2000) Responses of transgenic mouse lines p53(+/-) and Tg.AC to agents tested in 
conventional carcinogenicity bioassays. Toxicol Sci 53(2)213-223. 

Stiber, NA; Pantazidou, M; Small, MJ. (1999) Expert system methodology for evaluating 
reductive dechlorination at TCE sites. Environ Sci Technol 33:3012-3020. 

Stiteler, WH; Knauf, LA; Hertzberg, RC; et al. (1993) A statistical test of compatibility of data 
sets to a common dose-response model. Regul Toxicol Pharmacol 18:392–402. 

Subramaniam, RP; Asgharian, B; Freijer, JI; Miller, FJ; Anjilvel, S. (2003) Analysis of 
differences in particle deposition in the human lung. Inhal Toxicol 15:1-21. 

Swierenga, SHH; Yamasaki, H. (1992) Performance of tests for cell transformation and gap 
junction intercellular communication for detecting nongenotoxic carcinogenic activity. In: 
Mechanisms of carcinogenesis in risk identification. IARC Sci. Pubs. No. 116, Lyon, France;  pp. 
165–193. 

Szklo, M; Nieto, FJ. (2000): Epidemiology Beyond the Basics.  Gaithersburg, MD: Aspen 
Publishers, Inc. 

Tarone, RE. (1982) The use of historical control information in testing for a trend in proportions. 
Biometrics 38:215–220. 

Taylor, JH; Watson, MA; Devereux, TR; et al. (1994) p53 mutation hotspot in radon-associated 
lung cancer. Lancet 343:86–87. 

Tennant, RW. (1993) Stratification of rodent carcinogenicity bioassay results to reflect relative 
human hazard. Mutat Res 286:111–118. 

Tennant, RW; French, JE; Spalding, JW. (1995) Identifying chemical carcinogens and assessing 
potential risk in short-term bioassays using transgenic mouse models. Environ Health Perspect 
103:942–950. 

Tennant, RW; Stasiewicz, S; Mennear, J; et al. (1999) Genetically altered mouse models for 
identifying carcinogens. In: McGregor, DB; Rice, JM; Venitt, S, eds. The use of short- and 
medium-term tests for carcinogens and data on genetic effects in carcinogenic hazard evaluation. 
Lyon, France: International Agency for Research on Cancer. 

Tinwell, H; Ashby, J. (1991) Activity of the human carcinogen MeCCNU in the mouse bone 
marrow mironucleus test. Environ Molec Mutagen 17:152–154. 

Todd, GC. (1986) Induction of reversibility of thyroid proliferative changes in rats given an 
antithyroid compound. Vet Pathol 23:110–117. 

R-13




Tomatis, L; Aitio, A; Wilbourn, J; et al. (1989) Human carcinogens so far identified. Jpn J 
Cancer Res 80:795–807. 

Tucker, JD; Preston, RJ. (1996) Chromosome aberrations, micronuclei, aneuploidy, sister 
chromatid exchanges, and cancer risk assessment.  Mutat Res 365(1-3):147-59. Review. 

U.S. EPA (U.S. Environmental Protection Agency). (1986a) Guidelines for carcinogen risk 
assessment.  Federal Register 51(185):33992–34003. Available from: 
http://www.epa.gov/ncea/raf/. 

U.S. EPA (U.S. Environmental Protection Agency). (1986b) Guidelines for mutagenicity risk 
assessment. Federal Register 51(185):34006-34012. Available from: 
http://cfpub.epa.gov/ncea/raf/recordisplay.cfm?deid=23160. 

U.S. EPA (U.S. Environmental Protection Agency). (1989) Summary of the second workshop 
carcinogenesis bioassay with the dermal route. May 18-19, 1988, Research Triangle Park, NC. 
EPA/560/6-89/003. Available from NTIS, Springfield, VA 22161. 

U.S. EPA (U.S. Environmental Protection Agency). (1991a) Guidelines for developmental 
toxicity risk assessment. Federal Register 56(234):63798-63826. Available from: 
http://cfpub.epa.gov/ncea/raf/recordisplay.cfm?deid=23162. 

U.S. EPA (U.S. Environmental Protection Agency). (1991b) Alpha-2u-globulin: association with 
chemically induced renal toxicity and neoplasia in the male rat. Risk Assessment Forum, 
Washington, DC. EPA/625/3-91/019F. 

U.S. EPA (U.S. Environmental Protection Agency). (1992a) Guidelines for exposure assessment. 
Federal Register 57(104):22888-22938. Available from: 
http://cfpub.epa.gov/ncea/raf/recordisplay.cfm?deid=15263. 

U.S. EPA (U.S. Environmental Protection Agency). (1992b) Draft report: a cross-species scaling 
factor for carcinogen risk assessment based on equivalence of mg/kg3/4/day. Federal Register 
57(109):24152-24173. 

U.S. EPA (U.S. Environmental Protection Agency). (1994) Methods for derivation of inhalation 
reference concentrations and application of inhalation dosimetry. Office of Health and 
Environmental Assessment, Environmental Criteria and Assessment Office, Research Triangle 
Park, NC. EPA/600/8-90/066F. 

U.S. EPA (U.S. Environmental Protection Agency). (1995) Policy for risk characterization. 
Memorandum of Carol M. Browner, Administrator, March 21, 1995, Washington, DC. Available 
from: http://www.epa.gov/osp/spc/2riskchr.htm. 

R-14




U.S. EPA (U.S. Environmental Protection Agency). (1996a) Guidelines for reproductive toxicity 
risk assessment. Federal Register 61(212):56274-56322. Available from: 
http://cfpub.epa.gov/ncea/raf/recordisplay.cfm?deid=2838. 

U.S. EPA (U.S. Environmental Protection Agency). (1996b) Comparison of the effects of 
chemicals with combined perinatal and adult exposure vs. Adult only exposure in carcinogenesis 
studies. Office of Pesticide Programs. Washington, DC. 

U.S. EPA (U.S. Environmental Protection Agency). (1997a) A proposed OPP policy on 
determining the need for perinatal carcinogenicity testing on a pesticide.  Office of Pesticide 
Programs. Washington, DC. 

U.S. EPA (U.S. Environmental Protection Agency). (1997b) A set of scientific issues being 
considered by the Agency in connection with the criteria for requiring in-utero cancer studies. 
Office of Pesticide Programs.  FIFRA Scientific Advisory Panel. September 1997 meeting 
report. Available from: http://www.epa.gov/pesticides/SAP/archive/september/finalsep.htm. 

U.S. EPA (U.S. Environmental Protection Agency). (1997c) Exposure factors handbook. 
National Center for Environmental Assessment, Washington, DC. EPA/600/P-95/002F. 
Available from: http://cfpub.epa.gov/ncea/cfm/recordisplay.cfm?deid=12464. 

U.S. EPA (U.S. Environmental Protection Agency). (1997d) Policy for use of probabilistic 
analysis in risk assessment. Memorandum of Fred Hansen, Deputy Administrator, May 15, 1997. 
Available from: http://www.epa.gov/osp/spc/probpol.htm. 

U.S. EPA (U.S. Environmental Protection Agency). (1997e) Guiding principles for Monte Carlo 
analysis. Risk Assessment Forum, Washington, DC. EPA/630/R-97/001. Available from: 
http://cfpub.epa.gov/ncea/raf/recordisplay.cfm?deid=29596. 

U.S. EPA (U.S. Environmental Protection Agency). (1998a) Assessment of thyroid follicular cell 
tumors.  Risk Assessment Forum, Washington, DC. EPA/630/R-97/002. Available from: 
http://cfpub.epa.gov/ncea/raf/recordisplay.cfm?deid=13102. 

U.S. EPA (U.S. Environmental Protection Agency). (1998b) Guidelines for neurotoxicity risk 
assessment. Federal Register 63(93):26926-26954. Available from: 
http://cfpub.epa.gov/ncea/raf/recordisplay.cfm?deid=12479. 

U.S. EPA (U.S. Environmental Protection Agency). (1998c) Health effects test guidelines: 
OPPTS 870.4300 combined chronic toxicity/carcinogenicity. Office of Prevention, Pesticides 
and Toxic Substances, Washington, DC. EPA/712/C-98/212. Available from: 
http://www.epa.gov/opptsfrs/OPPTS_Harmonized/870_Health_Effects_Test_Guidelines/Series/ 

R-15




U.S. EPA (U.S. Environmental Protection Agency). (1998d) EPA’s rule writer's guide to 
Executive Order 13045. Available from: 
http://yosemite.epa.gov/ochp/ochpweb.nsf/content/whatwe_regulate.htm 

U.S. EPA (U.S. Environmental Protection Agency). (1999a) Guidelines for carcinogen risk 
assessment (review draft). Risk Assessment Forum, Washington, DC. NCEA-F-0644. Available 
from:  http://www.epa.gov/ncea/raf/cancer.htm. 

U.S. EPA (U.S. Environmental Protection Agency). (1999b) Review of revised sections of the 
proposed guidelines for carcinogen risk assessment. Science Advisory Board, Washington, DC. 
EPA/SAB/EC-99/015. Available from:  http://www.epa.gov/ncea/raf/cancer.htm. 

U.S. EPA (U.S. Environmental Protection Agency). (1999c) Cancer risk coefficients for 
environmental exposure to radionuclides: federal guidance report no. 13. Office of Air and 
Radiation. EPA/402/R-99/001. Available from: http://www.epa.gov/radiation/federal. 

U.S. EPA (U.S. Environmental Protection Agency). (2000a) Science Policy Council handbook: 
peer review. Office of Research and Development, Office of Science Policy, Washington, DC. 
EPA/100/B-98/001. Available from: http://www.epa.gov/osp/spc/prhandbk.pdf. 

U.S. EPA (U.S. Environmental Protection Agency). (2000b) U.S. EPA. Science Policy Council 
handbook: risk characterization. EPA Science Policy Council, Washington, DC. EPA/100/B-
00/002. Available from: http://www.epa.gov/osp/spc/rchandbk.pdf 

U.S. EPA (U.S. Environmental Protection Agency). (2000c) Supplementary guidance for 
conducting health risk assessments of chemical mixtures. Risk Assessment Forum, Washington, 
DC. EPA/630/R-00/002. Available from: 
http://cfpub.epa.gov/ncea/raf/recordisplay.cfm?deid=20533. 

U.S. EPA (U.S. Environmental Protection Agency). (2000d) Guidance for data quality 
assessment: practical methods for data analysis. Office of Environmental Information, 
Washington, DC. EPA/600/R-96/084. Available from: 
http://www.epa.gov/quality/qs-docs/g9-final.pdf. 

U.S. EPA (U.S. Environmental Protection Agency). (2000e) EPA quality manual for 
environmental programs 5360 A1.  Available from: http://www.epa.gov/quality/qs-
docs/5360.pdf. 

U.S. EPA (U.S. Environmental Protection Agency). (2001a) Health effects test guidelines. 
Combined chronic toxicity/carcinogenicty testing of respirable fibrous particles. OPPTS 
870.8355. Available from:  http://www.epa.gov/opptsfrs/home/guidelin.htm. 

R-16




U.S. EPA (U.S. Environmental Protection Agency). (2001b) Notice of opportunity to provide 
additional information and comment. Fed Reg 66:59593-59594.  Available from: 
http://cfpub.epa.gov/ncea/raf/recordisplay.cfm?deid=55868. 

U.S. EPA (U.S. Environmental Protection Agency). (2002a) Guidelines for ensuring and 
maximizing the quality, objectivity, utility and integrity for information disseminated by the 
Environmental Protection Agency. Office of Environmental Information, Washington, DC. 
EPA/260/R-02/008. Available from: http://www.epa.gov/oei/qualityguidelines/index.html. 

U.S. EPA (U.S. Environmental Protection Agency). (2002b) A review of the reference dose and 
reference concentration process . Risk Assessment Forum, Washington, DC. EPA/630/P-
02/002F. Available from:  http://cfpub.epa.gov/ncea/raf/recordisplay.cfm?deid=55365. 

U.S. EPA (U.S. Environmental Protection Agency). (2002c) Workshop on the benefits of 
reductions in exposure to hazardous air pollutants: developing best estimates of dose-response 
functions. Science Advisory Board, Washington, DC. EPA/SAB-EC/WKSHP/02/001. Available 
from: http://www.epa.gov/science1/fiscal02.htm. 

U.S. EPA (U.S. Environmental Protection Agency). (2002d) Child-specific exposure factors 
handbook (interim report). EPA/600/P-00/002B. Office of Research and Development, National 
Center for Environmental Assessment, Washington, DC, 448 pp. Available from: 
http://cfpub.epa.gov/ncea/cfm/recordisplay.cfm?deid=55145. 

U.S. EPA (U.S. Environmental Protection Agency). (2003) A summary of general assessment 
factors for evaluating the quality of scientific and technical information. Science Policy Council, 
Washington, DC. EPA 100/B-03/001.  Available from: 
http://www.epa.gov/osa/spc/htm/assess2.pdf. 

U.S. EPA (U.S. Environmental Protection Agency). (2004).  Final Regulatory Analysis: Control 
of Emissions from Nonroad Diesel Engines.  Prepared by U.S. EPA, Office of Transportation 
and Air Quality, Washington, DC, May; EPA report no.  EPA420-R-04-007. See chapter 9 and 
Appendix B. Available from:  http://www.epa.gov/nonroad-diesel/2004fr.htm#ria 

U.S. EPA (U.S. Environmental Protection Agency). (2005) Supplemental guidance for assessing 
cancer susceptibility from early-life exposure to carcinogens. Risk Assessment Forum, 
Washington, DC. Available from: http://www.epa.gov/ncea/raf. 

Vainio, H; Magee, P; McGregor, D; et al. (1992) Mechanisms of carcinogenesis in risk 
identification. IARC Sci. Pubs. No. 116. Lyon, France: IARC. 

Van Der Fels-Klerx, IHJ; Goossens, LHJ; Saatkamp, HW; Horst, SHS. (2002) Elicitation of 
quantitative data from a heterogeneous expert panel: formal process and application in animal 
health. Risk Anal.22:67-81. 

R-17




Van Sittert, NJ; De Jong, G; Clare, MG; et al. (1985) Cytogenetic, immunological, and 
hematological effects in workers in an ethylene oxide manufacturing plant. Br J Indust Med 
42:19–26. 

Vater, ST; McGinnis, PM; Schoeny, RS; et al. (1993) Biological considerations for combining 
carcinogenicity data for quantitative risk assessment. Regul. Toxicol Pharmacol 18:403–418. 

Vesselinovitch, SD; Rao, KVN; Mihailovich, N. (1979) Neoplastic response of mouse tissues 
during perinatal age periods and its significance in chemical carcinogenesis. NCI Monogr 
51:239. 

Vogelstein, B; Fearon, ER; Hamilton, SR; et al. (1988) Genetic alterations during colorectal-
tumor development.  N Eng J Med 319:525–532. 

Walker, KD; MacIntosh, D; Evans, JS. (2001) Use of expert judgment in exposure assessment. 
Part I. Characterization of personal exposure to benzene. J Exposure Environ Epidemiol 11:308-
322. 

Walker, KD; Catalano, P; Hammitt, JK; Evans, JS. (2003) Use of expert judgment in exposure 
assessment: part 2. Calibration of expert judgments about personal exposures to benzene. J Expo 
Anal Environ Epidemiol. 13:1-16. 

Waters, MD; Stack, H; F.Jackson, MA. (1999) Short-term tests for defining mutagenic 
carcinogens. In: McGregor, DB; Rice, JM; Venitt, S, eds. The use of short term tests for 
carcinogens and data on genetic effects in carcinogenic hazard evaluation. Lyon, France: 
International Agency for Research on Cancer. IARC Sci. Publ. No. 146, pp.499-536. 

Whitfield, RG;Wallsten, TS. (1989). A risk assessment for selected lead-induced health effects: 
an example of a general methodology. Risk Anal. 9:197-208. 

Whysner, J; Williams, GM. (1996) Saccharin mechanistic data and risk assessment: urine 
composition, enhanced cell proliferation, and tumor promotion. Pharmacol Ther 71:225:252. 

Willis, HH; DeKay, ML; Morgan, MG; Florig, HK; Fischbeck, PS. (2004) Ecological risk 
ranking: development and evaluation of a method for improving public participation in 
environmental decision making, Risk Anal. 24:363-78. 

Winkler, RL; Wallsten, TS; Whitfield, RG; Richmond, HM; Rosenbaum, AS. (1995).  An 
assessment of the risk of chronic lung injury attributable to long-term ozone exposure. 
Operations Research 43:19-28. 

Woo, YT; Arcos, JC. (1989) Role of structure-activity relationship analysis in evaluation of 
pesticides for potential carcinogenicity. In: Ragsdale, NN; Menzer, RE, eds. Carcinogenicity and 

R-18




pesticides: principles, issues, and relationship. ACS Symposium Series No. 414. San Diego: 
Academic Press; pp. 175–200. 

Yamasaki, H. (1995) Non-genotoxic mechanisms of carcinogenesis: Studies of cell 
transformation and gap junctional intercellular communication. Toxicol Lett 77:55–61. 

Zeckhauser, RJ; Viscusi, WK. (1990). Risk Within Reason, Science 248:559-564. 

R-19 




